Abstract. The asymptotic giant branch (AGB) evolution of stars is interesting from many points of view. It is the nal evolutionary phase for the large majority of all stars in the Universe that have left the main sequence. During this stage they contribute to the chemical evolution of galaxies, contribute to the integrated starlight of many galaxies, may provide the only interstellar matter there is in some galaxies, and can, due to their high luminosities and ages, be used as important probes of galactic structure and dynamics. It is also the nal evolutionary stage of our own star, the Sun, and hence touches on aspects beyond the immediate astronomical interest. Furthermore, these stars provide us with fascinating systems, where intricate interplays between physical and chemical processes take place, that we simply would like to understand. In this introductory outline our present knowledge of the AGB-star phenomenon is reviewed.
AGB-stars
Red giant stars have e ectively divided themselves into two parts: a small, very hot ( 10 8 cm, 10 8 K) core that is strongly gravitationally bound, and a huge, much cooler mantle ( 10 13 cm, 10 3 K at the surface) where the external parts are only weakly gravitationally bound. We are here only interested in those red giants that have experienced central He-burning, and now populate the asymptotic giant branch (AGB). These are much rarer than those red giants that have only experienced central H-burning (the RGB-stars). The AGB-stars experience substantial mass loss from the surface, and huge circumstellar envelopes (CSEs) of gas and dust are formed with extents approaching 10 19 cm and temperatures below 10 K in the external parts. This can be regarded as the third part of the star, and hence an AGB-star stretches more than 11 orders of magnitude in size and 7 orders of magnitude in temperature. The evolution of the star on the AGB depends on an intricate interplay between processes taking place in the three parts.
In this outline only the pure AGB-stars are considered, but it will set the stage also for the understanding of other fascinating aspects of the AGB-star phenomenon: binarity (Jorissen these proceedings, hereafter th.pr.), post-AGB objects (van Winckel th.pr.), galactic structure (Dejonghe & Van Gaelenberg th.pr.), population studies (Lan con th.pr.), chemical evolution (Gustafsson & Ryde 1998) . A limited number of subjectively chosen references are given. More
The TP-induced dredge-up occurs easier in high-M stars than in low-M stars. Theoretically, for the moment, the lower mass limit to C-stars lies at M MS 1.5 M for solar composition (Straniero et al. 1997) . HBB prevents the more massive stars to become C-stars, and the upper mass limit to C-stars is 4 M . Since it must be easier to achieve C>O in low-Z stars we expect the relative number of M-and C-stars to be a strong function of metallicity.
Our physical understanding of this region is good, but not perfect (Iben & Renzini 1983; Frost & Lattanzio 1996a; Bl ocker th.pr., Lattanzio & Forestini th.pr.) . Two outstanding problems remain. First, the \crude" treatment of the convection using the mixing-length theory (the turbulence is local and instantaneous, characterized by one-size eddies, and a free parameter is introduced, the mixing length scale). Particular problems arise at the boundaries between convective and non-convective regions the over-shoot problem (Frost & Lattanzio 1996b) , and the mixing]. During the TPs we have regions where the dynamical, thermal, and nuclear burning time scales are equal, and hence many common approximations become doubtful. When coupled to pulsation another, much shorter, time scale is introduced. Here we mention some important uncertainties. The dredge-up e ciency dependences on mass, metallicity, and time are crucial but poorly understood, e.g., some additional mixing may be required to produce low-M C-stars (Herwig et al. 1997) , or maybe degenerate TPs will do it (Frost et al. 1998b) , and also the composition (the relative abundances of He, C, O) of the dredged-up matter is uncertain. If mass loss decreases the Hmantle mass, M e , su ciently, HBB is quenched and high-M stars may become luminous C-stars with low 12 C/ 13 C-ratios (Frost et al. 1998a) . There is also a possibility that HBB will produce luminous M-stars with low 12 C/ 13 C-ratios (e.g., evolved OH/IR-stars, Delfosse et al. 1997) , and it may lead to stars that are highly enhanced in N. The second major problem is the mass loss. A credible stellar evolution model must take this into account. The main problem is that it cannot yet be calculated from rst principles, and hence some recipe that relates _ M to other stellar parameters must be used. Usually this results in substantially increasing mass loss with time, that is strongly modulated during the TPs, and nal core masses that agree well with the mass-distribution of WDs (Bl ocker 1995; Schr oder et al. 1998) . The AGB evolution is terminated when M e decreases below a certain value, 0.001 M . This is almost certainly determined by the mass loss for all AGB-stars. Thus, we can expect a complex interplay between dredge-up, HBB, and mass loss that we still do not understand, and in the end the evolution of these giants depends on the details. We will not have reliable synthetic AGB evolution models before the main problems are solved (Groenewegen & de Jong 1993; Marigo et al. 1996) .
There is no full-proof direct observational evidence for the existence of TPs. Wood & Zarro (1981) interpret period change rates as due to the behaviour during a TP. Olofsson et al. (1996 Olofsson et al. ( , 1998a have suggested that the very geometrically thin gas-shells around a few C-stars are due to a recent TP. Sakurai's object could be a very recent born-again AGB-star, since drastic changes in elemental composition over short time scales (months) are apparent (Asplund et al. 1997; Asplund th.pr.) .
The luminosity, L, of the star is determined by the rate of H-burning (except during a TP). There exists a linear relation (as long as the core ra-dius depends linearly on M c ) between L and M c (which depends very little on other parameters, at least, after a few TPs, Wagenhuber & Groenewegen 1998) , L 57000(M c {0.5)L , and hence L max 56000 L (M bol -7.1). However, it should always be remembered that the L-M c relation applies only during a limited period between TP:s (<50% of the time). Consequently, also an estimate of M c using it may be wrong (by more than 10%). HBB in the more massive stars will destroy the linear relation and produce higher L than given by the L-M c relation (Boothroyd & Sackman 1992) .
At some point the H-mantle becomes unstable, and it will start to pulsate. There exists as yet no detailed model of the pulsation of AGB-stars, including e.g. a time-dependent treatment of convection (Tuchman th.pr.). The period calculations are sensitive to the outer boundary conditions (very di cult to de ne for a pulsating AGB-star). The growth rates are very sensitive to the details of the convection, as well as to the boundary conditions. It is not yet nally settled which stars pulsate in which mode. In principle, the problem requires only measurements of the stellar radius, R, and the period, P , and the use of the fundamental pulsation equation, P = QR 3=2 M ?1=2 , where Q is to be obtained from the model. However, the radius is not well de ned in the case of an AGB-star, and it varies by as much as a factor of two with wavelength. The theoretical de nition is usually in terms of the Rosseland mean optical depth. Taken at face values interferometric measurements of Miras at 0.8 m point to radii too large for fundamental-mode pulsation, if M<1.5 M , while interferometer observations at 2.2 m are not so conclusive (van Belle et al. 1997; Feast th.pr.) . However, there are strong arguments in favour of fundamental mode pulsation for Miras in the form of parallel K-log P relations in the LMC (Wood & Sebo 1996; Wood th.pr.) . The direct measurements may be reconciled with this if the measured radii are too large, e.g., due to scattering in the upper layers of the atmosphere.
The atmosphere
The outer part of the H-mantle is cool enough ( 3500 K) that formation of molecules will take place, and it is their presence that determines the spectral appearance of the stars, at least into the near-IR, and to some extent also the structure of their atmospheres (e.g., line blanketing). Our physical understanding of the atmosphere and the formation of the photospheric lines is good (Gustafsson 1989; Gustafsson & J rgensen 1994; Plez th.pr.) . The \classical" sources of uncertainties are e ective temperatures, surface gravities, sphericity, opacities, LTE analysis, and the approximate treatment of convection. The realization that the atmosphere is much more extended than previously thought and non-hydrostatic (systematic ows and shocks) is gradually introduced into models (see Sect. 5). Therefore, non-LTE e ects are very likely present. Thermal instabilities, due to molecule and grain formation, may lead to inhomogeneities. Dust is possibly an important opacity source, and this requires a detailed knowledge of grain formation.
The determination of elemental abundances are far from trivial and elaborate models have been developed over the last decades. The spectra are extremely crowded, and usually a continuum level is di cult to nd. Impressive 4 results have nevertheless been obtained on elemental abundances (Smith & Lambert 1990; Smith th.pr.) , as well as on physical conditions in the s-process region, Lambert et al. (1995) , and in the HBB region, Smith et al. (1995) ]. Atmosphere models also provide relations between important quantities like L and T e and broad-band colours (Bessel et al. 1998) . Still, discrepancies between model and observations, and not so uncommon between di erent models applied to the same objects exist e.g., Ohnaka & Tsuji (1998) and references therein].
There are lots of crucial observations to be obtained here. Very high spectral resolution data in the near-IR region for larger samples. Interferometer data at di erent wavelengths provide information on the strati cation of the atmosphere, as well as on inhomogeneities at the surface. Evidence is gathering that the AGB-stars are asymmetric, but it is not clear whether the asymmetries are due to spots in the photospheres, clouds in the upper atmosphere, or to non-radial pulsations (Hani et al. 1992; Karovska et al. 1997; Weigelt et al. 1996 ). An interesting e ect of non-uniform disks is that the positions, parallaxes, and proper motions of AGB-stars measured by Hipparcos could have considerable uncertainties (e.g., 1000 R at 50 and 250 pc corresponds to 100 and 20 mas, respectively, considerably larger than the position resolution).
The extended atmosphere
The pulsation of the star will modulate the radiated power, but also deposit mechanical energy into the weakly gravitationally bound outer parts. The main e ect being an atmosphere with a considerably increased scale height compared to a hydrostatic one. Shocks will develop, and at high enough altitudes grain condensation takes place in the post-shock gas. It appears that gas particles reach the escape velocity, under a broad range of conditions, due to the mechanical energy input augmented by radiation pressure on grains (and perhaps molecules).
Our physical understanding of this region is very limited (H ofner th.pr.). A complex interplay between di erent (non-linear) physical and chemical processes with di erent characteristic time scales takes place. In particular, grain formation is poorly understood in detail, but will have a signi cant e ect on the thermal, hydrodynamical, and chemical structure of the upper atmosphere. The region is very likely inhomogeneous. Nevertheless, progress on dynamical stellar atmospheres is being made, in particular for C-stars where the grain formation is better understood (Fleischer et al. 1992; H ofner & Dor 1997) . Synthetic IR-light curves show complex (e.g., super-P) behaviours (Winters et al. 1994b) , and the brightness distributions have considerable radial structure (Winters et al. 1995) . Synthetic near-IR colour calculations have given results in accordance with observations (Alvarez & Plez 1998) . Also, synthetic spectra, in the 2-12 m range suitable for comparison with ISO-data, are being produced (Hron et al. 1998) . The discrepancies are substantial and much remains to be done, but the prospects are excellent. Models with improved treatments of opacity show signi cant changes in the upper density structure (H ofner et al. 1998) . Proper treatments of cooling in the post-shock gas and non-equilibrium processes are still lacking, and so is a proper coupling to a`real' pulsating star. It is not clear to what extent the magnetic eld is of importance for the structure and the dynamics (Hartquist & Dyson 1997) . Finally, we note the lack of similar models for M-and S-stars.
The importance of grain formation for the evolution of AGB-stars cannot be over-emphasized. It is therefore unfortunate that our knowledge of this complicated process is so rudimentary. The choice stands between a thermodynamic or a kinteic approach. In C-stars one possibility is that reactions between C 2 H 2 -molecules eventually lead to soot particles (Cherchne & Cau th.pr.; Allain et al. 1997 ). However, many uncertainties remain, and other possible condensation seeds are SiC-, TiC-, and pure C-particles (Lodders & Fegley th.pr.) . In an O-rich environment TiO 2 may be a possible nucleation species (Jeong et al. th.pr.) . Also the radiative characteristics are uncertain (Henning th.pr.).
Crucial observations are provided by near-to mid-IR spectra, in particular of \simple" regions, and long time-series data. Detailed, multi-wavelength lightcurves provide important constraints (de Laverny et al. 1997) . High-resolution observations provide information on atmosphere extension , dust formation zones (Danchi et al. 1994; Ivezi c & Elitzur 1996 ; Monnier th.pr.), inhomogeneities (Lopez et al. 1997; Weigelt et al. 1998) , and departures from spherical symmetry (Lopez th.pr.) . With new large telescopes we can look forward to detailed images of the extended atmosphere, including time variability. Multi-epoch images of SiO masers provide a very exciting view of the structure and dynamics of the upper atmospheric layers (Diamond & Kemball th.pr.), and similar multi-epoch imaging of stellar H 2 O masers are also undertaken (Richards et al. th.pr.) . There remains to determine whether we see matter or pattern motion. A recent very interesting development is the nding of a radio photosphere by Reid & Menten (1997) . A model place it at 2R , i.e., within the dust-condensation zone, where the density is 10 12 cm ?3 and the temperature 1600 K. They detected no variations with time (< 15%), and this puts limits on the shocks passing through this region. Likewise, there may exist a quasi-static layer of molecular gas in the upper atmosphere (Tsuji et al. 1997) .
A very important aspect of the dynamical atmosphere models is the possibility of deriving mass loss rates from rst principles (Sedlmayr & Dominik 1995; Fleischer et al. th.pr.) . It appears that the levitation mechanism itself (shocks or possibly acoustic waves) can drive mass loss (and it may dominate for low-_ M objects), but it is strongly augmented by the radiation pressure on dust, and possibly molecules, when this becomes e ective. Models that give mass loss rates as a function of the fundamental stellar parameters have been presented for stationary (Winters et al. 1994a ) and dynamical winds (Bowen & Willson 1991; Arndt et al. 1997 ). However, H ofner et al (1998 have shown that more realistic opacities in the atmospheric models may result in (considerably) lower _ M:s. We are still only in the beginning of obtaining reliable quantitative theoretical mass loss rates.
The circumstellar envelope
An AGB-star will eventually lose mass at a considerable rate in the form of a slow ( 15 km s ?1 ) wind, and this forms a CSE of escaping gas-and dustparticles. The gas is to a large extent molecular with a composition that re ects the chemistry of the star. The molecules are located in envelopes of di erent 6 sizes (the by far largest ones being those of CO and H 2 ), or shells of di erent radii and widths, depending on their resistence to UV photons and the formation routes. The dust grains exist way beyond the molecular envelopes. Our understanding of the CSE is relatively good (Habing 1996; Olofsson 1996; Bujarrabal th.pr.) . However, the exact geometry of a CSE is uncertain, and the radial density distribution is determined by the (uncertain) mass loss history of the star, and it may be a ected by the fact that one medium (dust) streams through another (gas), or a faster wind runs into a slower one. Furthermore, the details of the density and temperature structure of the gas is unknown. In the footsteps of the dynamical atmosphere models time-dependent hydrodynamical models that give the density, temperature, velocity, and chemical structures of CSEs are now being developed (Ste en et al. 1998, th.pr.) .
Dust emission models have so far been based on stationary, smooth, spherical winds. The gross features of the spectral energy distributions can be well modelled using dirty amorphous silicates for O-rich CSEs (including the 10 and 18 m features; Le Sidaner & Le Bertre 1996) and amorphous carbon for C-rich CSEs (featureless; . Very important results are the tight _ M-colour (in particular K{L) relations, although they di er for the two chemistries (Le Bertre & Winters 1998) . On the contrary the correlations between _ M and far-IR colours are poor. The more self-consistent models, i.e., those coupled to dynamical atmosphere models, have not yet been applied to large samples, but a detailed study of the C-star AFGL3068 shows good agreement with a large data set (Winters et al. 1997 ).
The 11.3 m emission feature observed in C-rich CSEs can be well modelled if a small amount of SiC dust is added (Lorenz-Martins & Lef evre 1994). It seems like the discrepancy between AGB-and meteoritic-SiC grains have now been resolved. The presence of a 13 m emission feature in O-rich CSEs (Sloan et al. 1996) points to the existence of crystalline grains, possibly -Al 2 O 3 . Relatively narrow features beyond 20 m in O-rich CSEs also suggest the presence of crystalline material (its fraction appears to increase with _ M) (Waters et al. 1996, th.pr.) . The carriers of the 21 m feature in C-rich post-AGB CSEs (Kwok et al. 1995, th.pr.) , and the 30 m feature in C-rich (AGB and post-AGB) CSEs (Omont et al. 1995) have not yet been identi ed, although MgS may play a role for the latter (Szczerba et al. 1997) . In very cold O-rich post-AGB objects features, attributed to ice, appear at 43 and 60 m. There are post-AGB objects which show both O-and C-rich dust features (Waters th.pr.; Cohen et al. th.pr.) . It is conceivable that in these objects there exists an O-rich (circumbinary) disk, and a C-rich AGB-CSE remnant.
Classi cation systems of dust features, that can be compared with di erent stellar populations, have been developed for the 8{14 m range for O-rich (Hron et al. 1997 ) and C-rich CSEs (Sloan et al. 1998 ). These are interesting developments, but problems remain in the subtraction of the stellar-and dust-continuum.
Considerable progress has been done in our understanding of the origins of the molecules detected in CSEs (Glassgold 1996, th.pr.) . The photospheric species are produced in a stellar atmosphere equilibrium chemistry, but the abundance varies with height in the atmosphere, and there may be e ects due to shock waves, to chromospheric radiation, and to the formation of dust (Willacy & Cherchne 1998) . Eventually, the photospheric species are photodissociated by the interstellar UV eld this requires a knowledge of the photodissociation properties of the molecule, the UV properties of the dust, and the properties (in the case of dissociation in lines, also the details) of the interstellar UV eld]. The photodissociation will also initiate a circumstellar chemistry, where neutralneutral reactions appear to be the most e ective (Millar & Herbst 1994; Willacy & Millar 1997 ). In addition, formation on the surfaces of dust grains may be important for some species (e.g., CH 4 , NH 3 ).
There are presently 60 di erent molecular species detected in AGB-CSEs (Olofsson 1997) . For the study of AGB stellar evolution the OH masers have been of utmost importance. There is a possibility that even more results will be derived from them, since several lines in the pump cycle of the 1612 MHz line have now been detected (Justtanont et al. 1996; Sylvester et al. 1997) . For the study of the properties of the CSEs, and the determination of reliable mass loss rates, the CO line emission have proven to be most important. The detetions of highly excited J-lines from a number of molecular species by ISO will lead to signi cant improvements in our understanding of the inner regions of the CSE (Barlow th.pr.). The detailed testing of the circumstellar chemistry can in principle only be done for one object for the moment, IRC+10216. To a rst approximation the images clearly show the expected distribution of molecules with di erent origins (Gu elin et al. 1996 ; Lucas & Gu elin th.pr.), but they also show spatial overlaps in emissions from species which from a chemical point of view are expected to be well separated (Gu elin et al. 1993 ). This shows how important maps are for the interpretation.
A major problem in the interpretation of the molecular line data is the possibility of an inhomogeneous medium. Evidence for this comes from e.g. detailed light curves (Whitelock et al. 1997) , high-resolution optical/IR images (Sect. 4), SiO maser maps (Boboltz et al. 1997) , images of various molecular line emissions towards IRC+10216 (Gu elin et al. 1996) , and geometrically thin CO shells of a number of C-stars (Olofsson et al. , 1998a . CO maps of evolved PNe indicate that already the AGB-CSE must have been inhomogeneous (Huggins et al. th.pr.) . It seems reasonable to assume that the wind is already initially inhomogeneous at some level, but the further evolution of the density structure is not known.
Properties of AGB-stars 7.1. Identi cation
It is not an altogether simple task to isolate the AGB-stars within the much larger pool of red giants and other chemically peculiar stars. We can expect a major contamination with RGB-stars among the hardly variable and the low-luminosity AGB-stars, and a not negligible contamination with supergiants among the most luminous AGB-stars. There are ways (though not full-proof) to distinguish between these groups, e.g., JHK-diagrams, and comparison of CO radio line and 60 m uxes (Josselin et al. 1998 ). There are also various ways of distinguishing between M-and C-stars if detailed spectra are not available, e.g., data from narrow lters centred on the TiO and CN absorption features, colour-8 colour diagrams (e.g., J-K vs 12]-25]; Le Bertre et al. 1994) , and circumstellar molecular radio line intensity ratios (Olofsson et al. 1998b) .
There is also the more intricate problem of distinguishing between`intrinsic' AGB-stars and`extrinsic'-stars, i.e., stars with some AGB-characteristics due to mass over ow (Jorissen th.pr.). Here we nd the`extrinsic' S-stars which lie on the RGB (Van Eck et al. 1998) , and the giant CH-(pop II) and Ba-stars (pop I). The dwarf C-stars probably also belongs to this category (maybe the dominant form of C-stars in the Galaxy). One should note here that many criteria for identifying`extrinsic' stars do not work for extragalactic samples.
The J-stars are C-rich, but it has been speculated that they became Cenriched during or after the He-core ash (constitute 10% of the giant C-stars). In some cases (O-rich) matter, lost at the ash, may have been captured in a disk around a companion, hence forming a`silicate C-star' (Lloyd Evans 1990). The R-type C-stars could be horizontal branch stars, for some reason C-enriched, and possibly the precursors of J-stars.
Masses
Distribution studies in the Galaxy suggest that the M-type semiregulars and intermediate-period (300
) Miras belong to the \thin disk" population and have progenitors in the 1.0{1.2 M range (Jura & Kleinmann 1992a,b; Kerschbaum & Hron 1992) . This is supported by kinematic studies, which also suggest that the mass increases with the period (Feast 1989) . The short-period M-Miras (P<300 d ) belong to the \thick disk" population (Jura 1994) . The obscured OH/IR-stars have on average higher-M progenitors, in the range 2{3 M (Blommaert et al. 1994; Wood et al. 1998 ). If the upper mass limit to Cstars is 4 M we expect OH/IR-stars with P >1000 d to be more massive than 4 M since no C-stars with P >800 d have been found, unless the long period is obtained through extensive mass loss (Habing 1996) .
The C-star mass range appears narrower. Distribution and kinematic studies suggest that the progenitor masses may be somewhat higher, 1.2{1.6 M , than for M-stars of the same periodicity (Claussen et al. 1987; Guglielmo et al. 1998 ). An upper limit of 4 M is consistent with the results from studies of obscured C-stars with high expansion velocity CSEs (Barnbaum et al. 1991; Kastner et al. 1993) , but the exact limit is uncertain.
Radii and E ective temperatures
Interferometer data suggest R 400{600 R for Miras, with the non-Miras being on average 200 R smaller van Belle et al. 1997) . These results are still dependent on the uncertain distances, and the models, since the angular sizes have been converted to photospheric sizes. For the e ective temperature van Belle et al. nd on average T e 2200{2700K for Miras, with the non-Miras being on average 600 K warmer in all groups (the spread in each group is considerable; see also Perrin et al. 1998 ). van Belle et al. (1996 also nd that T e change with phase in the expected manner, and that R decreases linearly with increasing T e , and Burns et al. (1998) have detected periodic size variations for the M-Mira R Leo.
Luminosities
It has been long realized that in the optical surveys of the LMC there is a lack of C-stars brighter than M bol -6, and in general a de cit of AGB-stars brighter than this (Frogel & Blanco 1990; Hughes & Wood 1990; Costa & Frogel 1996) . HBB and mass loss can explain this, at least qualitatively. However, the possibility exists that high-L sources can be found among the obscured objects missed by optical surveys. For instance, in the Galaxy the most luminous objects are the very long-P OH/IR-stars, M bol;max -7 to -7.5 and 1000 d <P <2800 d (van Langevelde et al. 1990 ). The preliminary analysis of a small sample of IRAS sources in the LMC indicate that the luminosity function for these objects peaks at M bol -5.8, compared to -4.9 in the optical surveys, and there are at least three C-stars brighter than M bol =-6.0 (van Loon et al. 1998; Groenewegen & Blommaert 1998 ). On the other side of the coin, we have the faint C-stars (M bol -1.8) detected in the SMC (Westerlund 1995 ; could they be`extrinsic' C-stars?).
The fundamental pulsation equation provides a relation between L and P (Sect. 3), which is observationally con rmed in the form of relatively tight P -L relations up to 500 d (Groenewegen & Whitelock 1996) . For longer periods there are signi cant deviations (Reid et al. 1995; Zijlstra et al. 1996; Blommaert et al. 1998; Wood et al. 1998) . The e ects of metallicity are uncertain, but probably small, although Wood et al. (1998) argue that a metallicity e ect may be present in a Galactic centre sample of OH/IR-stars. In the same sample the long-P objects lie distinctly below the predicted L, which could be an _ Me ect: substantial mass loss moves the star to longer periods with little change in luminosity. It seem reasonable that the P -L relation mainly re ects a mass sequence, i.e., evolutionary e ects are small. 7.5. Elemental abundances Smith & Lambert (1990) present results for the CNO-abundances of M-, MS-, S-, SC-, and C-stars, the average C/O-ratios are 0.41 (M), 0.49 (MS), 0.57 (S), 0.95 (SC), and 1.15 (C) with some considerable scatter within each group. The s-processes elements also show a clear increase as the C/O-ratio increases in the M to C sequence. Some peculiarities remain and may indicate systematic problems in the analysis, e.g., the markedly higher abundance of N in MS-and S-stars compared to the M-and C-stars, and the low C/O-ratio in C-stars (some PNe have C/O well above 1.5 and up to 4). The next step here is de nitely to get the same type of data, e.g., on CNO-abundances, for the stars in the Magellanic Clouds.
A most beautiful nding is that information about the elemental abundances of AGB-stars lies at our doorstep, enclosed in the meteorites (Zinner 1998) . These contain Al 2 O 3 and SiC grains, which carry information about Oisotopes, 26 Al, 12 C/ 13 C, 14 N/ 15 N, and a large number of s-process elements. In particular, isotope patterns can be determined to an impressive accuracy (Zinner & Amari th.pr.) . 10 7.6. Space densities and galactic distribution Groenewegen et al. (1995b) estimate that in the solar neighbourhood the relative numbers of M-, S-, and C-stars are C/M 0.2 and S/C 0.3 for stars with P <400 d , but for the rarer, more obscured objects the C/M-ratio is more like 0.5 (Jura & Kleinmann 1989) . In the LMC the C/M-ratio is in the range 0.6{2.2 for optically visible AGB-stars (Hughes & Wood 1990) , while for the obscured objects it lies in the range 0.2{0.8 and decreases with luminosity (van Loon et al. 1998) .
The radial distributions of M-and C-stars are very di erent in the Galaxy. The surface density of`thin disk' M-stars follow an exponential disk with a scale length of 4 kpc (Habing 1988; Blommaert et al. 1993 ). The C-star distribution is essentially constant within 3 kpc of the Sun (Jura & Kleinmann 1990; Guglielmo et al. 1998) . Thus, there is a marked trend in the C/M-ratio with galactocentric distance, very likely due to the e ects of metallicity. Lloyd Evans (1984) showed that in the LMC the luminosity where C-stars become abundant increases with decreasing cluster age (hence increasing metallicity). The same metallicity e ect is present in M31 (Brewer 1996) .
Mass Loss
There remains no doubt that the AGB-evolution is accompanied by substantial mass loss (observationally detectable when it exceeds 10 ?8 M yr ?1 ). However, when it comes to the details like _ M(t; M MS ; Z; ; ) and dependencies on pulsational behaviour things become more di cult. In the following discussion one should bear in mind that these dependences are not easily separated.
For the short-term behaviour we have information at di erent time scales: a density modulation in the CSE of the M-Mira IK Tau corresponds to a time scale of 10 yr (Hale et al. 1997) , CO emission from extreme OH/IR-stars suggest considerably increased mass loss over the last 10 3 yr (Delfosse et al. 1997 ), extended 1.3mm emission from IRC+10216 indicates several periods of enhanced mass loss during the last 10 3 yr (Groenewegen et al. 1997) , detached CO and dust shells around C-stars suggest episodic mass loss in the range (1{20) 10 3 yr Izumiura et al. 1997 ), extended 60 m emission also indicates time variations (for some reason the semiregulars dominate among the extended sources; Young et al. 1993) , and the HST-image of the Egg nebula shows a large number of concentric rings, interpreted as a mass loss rate modulation occuring every 150{450yr during the nal AGB evolution (Sahai et al. 1998b) .
For the long-term behaviour we are mainly restricted to statistical studies. Habing (1996) suggest a time dependence since there are optical Miras and obscured OH/IR-stars with the same L, i.e., for a given L (and hence M) stars may have di erent _ M, and among AGB-stars with the same L, but with di erent (long) P :s, the longer-P stars tend to have the highest _ M:s (assuming of course that the longer P is attributed to _ M). On the other hand, correlations between _ M and P indicate an M-dependence. The tight P -L relations for Miras suggest that very intense mass loss, that signi cantly alters M and hence P , must be of relatively short duration. Thus, it appears that on average _ M increases with time, but that the achievable maximum mass loss rate increases with M MS .
We do not know when the onset of mass loss occurs. It is likely that we will nd the information among the low-_ M (<10 ?7 M yr ?1 ) objects (Kerschbaum & Olofsson 1998) . At the other end, it is clear that the mass loss drops by orders of magnitude when the star leaves the AGB. However, the details are unknown, and there are considerable uncertainties in the interpretation (Meixner et al. 1997; Ste en et al. 1998; Schr oder et al. 1998) .
The mass loss characteristics dependence on metallicity mainly stems from studies of OH/IR-stars in the Galactic centre, the bulge, the anti-centre and in the LMC. It appears from these that both _ M and the gas expansion velocity increase (weakly) with metallicity (Zijlstra et al. 1996; Blommaert et al. 1998; Wood et al. 1998) . Groenewegen et al. (1995a) studied three stars (in the Galaxy, LMC, and SMC) with similar P and L and derived CSE dust optical depths ratios of 15:10:1, very likely a metallicity e ect.
The geometry of the mass loss is another important property for understanding the mass loss mechanism. The conclusion drawn from observations of su ciently high sensitivity and spatial resolution is that the AGB mass loss is essentially isotropic (Bowers & Johnston 1990; Neri et al. 1998; Olofsson et al. 1996 Olofsson et al. , 1998a Groenewegen et al. 1997) , though there are exceptions among the low-_ M sources where examples of bipolar out ows have been found (Kahane & Jura 1996; . This picture of over-all spherical symmetry contrasts with the appearance of post-AGB objects where clear axi-symmetry is the role (Alcolea et al. 1996; Bujarrabal et al. 1998; Sahai et al. 1998a) . A current acceptable picture is one of isotropic mass loss on the AGB, except perhaps at the nal stages. During post-AGB evolution a high-velocity wind, maybe inherently bipolar or channelled by a (weak) equatorial density enhancement in the AGB envelope, will e ectively lead to an axi-symmetric CSE, where the brightness contrast may be much higher than the total density contrast. In some objects strong equatorial density enhancements in the form of disks (of unknown origin) seem to be present.
Prospects
The prospects for progress are very good. On the theoretical side the computers become increasingly faster, but this is partly counteracted by the realization that the models must include a multitude of complex physical and chemical phenomena, and the very likely importance of signi cant departures from spherical symmetry. On the observational side sensitive high spectral resolution observations, high spatial resolution observations (in all wavelength regimes), and the sensitive surveys performed (e.g., DENIS, 2MASS, and by-products of projects like MACHO; Epchtein th.pr.; Loup th.pr.; Wood et al. th.pr.) will signi cantly increase our knowledge of the behaviour of AGB-stars. In particular, the e ects of metallicity will be clari ed (Groenewegen th.pr.; Zijlstra th.pr.) . It is important in this connection to remember that AGB-stars in the LMC/SMC were close to the detection limit for IRAS, meaning that there is far from a complete inventory of the mass-losing AGB populations in these objects. It is also very important that the e ects of binarity are sorted out (Iben 1991; Jorissen th.pr.) , in particular, when interpreting results from external galaxies.
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